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Expression and secretion of human insulin-like 
grrowth factor -I (IGF -I) in Sacckaromyce* cerevisiae 
was achieved by linking an actin (ACT) promoter to 
an MForl prepro leader peptide/IGF-I gene fusion. Pu- 
rified human IGF-I from yeast culture media was found 
to contain, in addition to the native form, alao a gly- 
cosylated variant. Structural studies showed that both 
IGF-I forms were processed identically, resulting in 
70-amino-acid long polypeptides, with intact N-ter- 
minal and C- terminal residues of glycine and alanine, 
respectively. The glycosylation site was determined to 
threonine- 2 9 <Thr"), by l H NMR spectroscopy and 
protein sequence analysis of an isolated tryptie pep- 
tidc(22-36). No other glycosylation sites were found. 
Only man nose was detected in the sugar analysis, with 
an estimated content of 4.5% w/w corresponding to 2 
man nose residues per molecule of IGF-I. The carbo- 
hydrate structure, determined by 1 H and 15 C NMR 
spectroscopy, was found to be a-D-Manp(l-+2)a-D- 
Manp(l->3)Thr corresponding to an O-linked glyco- 
protein structure. No other post- translation al modifi- 
cations could be identified in the glycosylated IGF-I 
form. Furthermore, this form was highly active, com- 
parable to native IGF-I, exhibiting a specific activity 
of 20,500 units/ nig, as determined by a radio-receptor 
assay . 



The secretion process in the yeast Saccharomyces cerevisiae 
is similar to that of higher eucaryotic cells. Consequently, it 
has been possible to synthesize and secrete various foreign 
proteins of widely different origin in yeast, as for example, 
human epidermal growth factor (1), human haptoglobin {2) r 
rat NADPH -cytochrome P-450 reductase (3). 

The steps in the secretion process in yeast have been studied 
by Schekman and co-workers (4, 5) using temperature-sensi- 
tive secretion (sec) mutants. The secretory pathway was 
shown to involve several membrane structures that mediate 
the transfer of exported proteins from the site of synthesis at 
the endoplasmic reticulum via the Golgi apparatus to secre- 
tory vesicles. These were suggested to fuse, by an endocytotic 
mechanism, with the plasma membrane liberating the secre- 
tory proteins into the media (4, 5). The study of a-mating 
factor secretion has provided further detailed information on 
the secretion process in yeaat (5-8). 

Despite a wealth of detailed information available on the 

* The costs of publication of this article were defrayed in part by 
the payment of page charges. This article must therefore be hereby 
marked "advertisement" in accordance with 18 U.S.C. Section 1734 
solely to indicate this fact. 

X To whom correspondence *nd reprint requests should be ad- 
dressed. 



yeast secretion process, little is known about possible post- 
translational modifications occurring when heterologous pro- 
teins are expressed and secreted in yeast. 

In this study, IGF-I 1 (somatomedin C), which is a basic 
polypeptide of 70 amino acid residues (9), was expressed in $, 
cerevisiae. A yeast expression plasmid (10), recently improved 
by Ernst, 3 containing an MFal leader peptide/IGF-I gene 
fusion, was used to synthesize and secrete human IGF- 1 into 
the medium. By using an HPLC system, it has been possible 
to separate a glycosylated analogue of IGF-I from native IGF- 
I. The glycosylated IGF-I analogue has been purified and its 
structure studied. 

EXPERIMENTAL PROCEDURES 

Material*— Myoglobin cyanobromide fragments were obtained 
from British Drug House. The methyl glycoside of a-o-ManpU— *2)a- 
DManp, TPCK-treated trypsin, and concanavalin A-horeeradish per- 
oxidase were all purchased from Sigma. S-Sepharose, phenyl -Sepha- 
rose, Sephadex G-50, and PD-10 were all from Pharmacia LKB 
Biotechnology Inc. Brij* 35 was from Pierce, and Bio-Gel P-2 from 
Bio-Rad Carboxypeptidase A treated with diisopropy] fluorophos- 
phate was bought from Boehringer Mannheim. All other chemicals 
used were of analytical grade. 

Plasmid and Yeast Strain— Plasmid 639/12, used for the expression 
of IGF-I In yeast, was constructed by Dr. J. T. Ernst at Biogen, S. A., 
Switzerland. It is an improved version of plasmid p364/l (10). The 
expression Of IGF-I was carried out in the 5. cereuisiac mutant strain 
YE449 {Mata Uu2 ura3-52 prblU22 pep4-3 cm- 0 ). 

Isolation of Glycosylated IGF-I — Fermentation medium was frac- 
tionated first on a phenyl -Scpharose column and then on an S- 
Sepharose column, Fractions exhibiting IGF-I activity, as determined 
by a radioimmunoassay, were pooled and further fractionated on a 
Sephadex G-60 column. 

The active fractions were further chromatogiaphed on a TSK 
phenyl 5 PW column (75 x 7.5 mm inside diameter; Tosoh Corp-, 
Japan). The column was equilibrated in a buffer containing 30 mM 
Tris-HCl and 0.7 M Bodium sulfate at pH 8.0. Elution was accom- 
plished by a linear gradient for 60 min with a flow rate of 1 ml/mi n 
using a buffer containing 30 mM Tris-HCl, 5% ace tonitrile, and 
0.075% Brij 35* at pH 8.0. The eluate ww monitored by UV detection 
at 280 nm. 

Tryptie Digestion ^Samples (0,5 mg/ml) of IGF- 1 and the analogue 
were dissolved in aqueous 1% ammonium bicarbonate. Digestion was 
performed by TPCK-treated trypsin at an enzyme to substrate ratio 

L The abbreviations used are: IGF, insulin-like growth factor; SDS- 
PAGE. sodium dodecyl aulfatc-polyacrylamidc gel electrophoresis: 
ConA, concanavalin A; Mann, mannopyranose; GlcNAe, A'-acetylglu- 
cosomine; TCPK, L-l-tosylamidc-2-phenylethyl chloromethyl ke- 
tone; MFal, a-mating factor gene; HI-HPLC, hydrophobic interac- 
tion high performance liquid chromatography; Brij 35*, poly oxye thy - 
lene 23 lauryl ether; PTH, phenylthiohydantoin; COSY, homonuclear 
chemical shift correlation spectroscopy; NOESY, nuclear Ovcrhauser 
enhancement spectroscopy; ROESY, rotating -frame Overhauser en- 
hancement spectroscopy; HMQC, heteronuclear multiple quantum 
coherence. 

2 J. F. Ernst, unpublished observations. 
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of 1:30 at 37 *C for 2 h. The rel^^ mixture was Kubaequentlv 

incubated for 20 min in the pretence of dithioerythritol at a dithio- 
erythritol to protein ratio of 2.5:1. Finally, trifiuoroacetic acid- was 
added to 1% (final concentration), and th« tryptic peptides were 
separated by reversed phase chromatography on a Cu column (Vydac 
21S TPS 4, 25 x 0.48 cm, 300 A, 5 *m, Separational Group, Vydac). 
The elution was performed at 37 *C by a mixture of 0.01 M sodium 
phosphate, pH 2.0, and acetonitrile. The acetonitrile content was 
increased from 5 to 60% during 50 min at a flow rate of 1.0 ml/min. 
The eluate wag monitored by UV detection at 210 nm. Each tryptic 
peptide wis subsequently collected, and Its amino acid composition 
was determined. 

The tryptic peptides corresponding to amino acids 22-36 were 
collected from several chromatographic runs of trypsin -treated IGF- 
I, and the glycosylated analogue was ufied for further characteriza- 
tions. 

Large Scale Isolation of a D saccharide Fragment — Glycosylated 
IGF-I (200 mg) was treated with trypein (7 mg) with stirring in on 
aqueous \% ammonium bicarbonate solution (3S ml) at 37 'C for 2 
h. After lyophilization, the sample was chromatograpbed on a Seph- 
adex G-50 column (60 x 2.6 cm) and eluted with 0.1 M ammonium 
acetate, pH 5.0. The eluate was monitored by differential refrac- 
trometry and the carbohydrate content by reaction with phenol- 
sulfuric acid. The carbohydrate -containing fraction was freeze- dried 
and subjected to treatment with pronase (7 mg) in 0.Z M phosphate 
buffer (6 ml), pH 7.4, at 40 *C for 6 h. The material was lyophilized 
and ehromatogrcphed on a column (60 x 1.6 cm) of Bio-Gel P-2 
eluated with water. The carbohydrate-containinfr fraction was freeze- 
dried, dissolved in "HA and analyzed by NMR spectroscopy. A 
further separation of the materia) on a column of Bio-Gel P-2 eluted 
with water showed several peaks which were compared by *H NMR 
spectroscopy. 

Isoelectric Point Determination — The isoelectric points were deter- 
mined for a mixture (0.5 mg) of almost equal parts of IGF-I and 
glycosylated IGF-I. The sample was transferred via pel nitration into 
the startinp buffer (75 mM Tris acetate, pH 9.3; 3.5 ml) before being 
applied to a Pharmacia ch.ro ma tofocusing column, Mono P HR 5/20. 
The elution was done with Polybuffer 96, Pharmacia LKB Biotech- 
nology Inc., adjusted to pH 6,0 with acetic acid, according to the 
procedure described by the manufacturer. The pH wis continuously 
registered with a flow-through pH electrode. 

Sugar Analysis — The monosaccharide composition of glycosylated 
IGF-I was determined by gas- liquid chromatography (GLC), using 
selected ion monitoring for detection, on a Hewlett-Packard 59S5 
MSD instrument. Prior to analysis, a mixture of the sample (50 >tg) 
and myo-mositol (1 ;*g) as internal standard was treated with 2 m 
trifluoroHcetic acid at 120 *C for 1 h, whereafter the acid was removed 
by a stream of nitrogen. The released sugars were reduced in a solution 
of sodium borohydride (10 mfr) in aqueoun 0.1 m ammonia (1 ml). 
The solution was neutralized with HC1. and the boric acid w as 
removed by evaporation with 0-6 M HC1 in methanol (2x2 ml). 
Acetyl ation was performed by treatment of the sample with acetic 
anhydride (0.2 ml) and pyridine (0.2 ml) at 100 *C for 20 min. The 
product was partitioned between dichloromethanc (2 ml) and water 
(5 ml}, and the alditol acetates were injected as a toluene solution. 
The GC/MS analysis was carried out on a fuscd-silica capillary 
column (25 m x 0.2 mm; cross-linked methyl silicon, Hewlett-Pack- 
ard) with an initial oven temperature of 120 *C, which was increased 
to 300 "C by 15 *C/m'm. The ions used for detection were mjz 144, 
1S7, and 199 for quantitation of 2-aminohexoses, hexoses, and myo- 
inositol, respectively. 3 

Molecular Weight Determination — The molecular weights of IGF- 
I and the analogue were compared by polyacrylamid« electrophores it. 
SDS-PAGE waii carried out essentially qa described by Merle and 
Kadenbach (12). The molecular weights were estimated against a 
myoglobin standard, British Drug House (cyancbrormde fragments). 
IGF- 1 protein band* were visualized by silver staining (13). Staining 
for glycoproteins was performed using a concanavalin A-horseiadisb 
peroxidase conjugate after electrophoretic transfer of the protein 
bflndi (Western blotting) to a nitrocellulose filter (14). 

The molecular weight of tryptic peptides (22-30 from IGF-I and 
the snaldfrue was determined on a Bio-Ion 20 time -of- flight mass 
spectrometer using a plasma desorption ion source, Lyophilized sam- 
ples (3 fig) were dissolved in 0.1 Se trifiuoroacetic acid, mixed with 
cthanol. and adsorbed or, a nitrocellulose filter prior to analysis. 

J L. Kennc and S. Stromberg. Carbohydr, /fas., submitted for pub- 
lication, 
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Amino Acid Analysts^&mino acid composition was determined for 
the IGF-I analogue (36 The aaropUs was hydrolyidd at 110 "C for 
24 h in 6 m HCl. The obtained free amino acid* were analyzed on an 
automated amino acid analyzer (LKB 4150 Alpha Plus). The content 
of cysteine residues was determined separately, after oxidation of the 
aampld in porfonnfc acid, using norleucine (20 nmol) as internal 
standard. 

C'terminal Determination — The C-terminat ammo acid residue 
was determined by dissolving a sample (0.3 mg) in 0.1 m aqueous JV- 
methylmorpholine, pH 8.5 (1,0 ml). Carboiypeptidase A treated with 
diieopropyi fluorophosphato (225 jig) was added to the sample, and 
the solution was incubated at 25 *C for 3 h. Th« enzymic reaction 
was stopped by acidification with 0.5 m acetic acid (1.5 ml). After gel 
filtration on a Pharmacia PD-10 column, a fraction containing the 
low molecular weight compound was obtained which was analyzed 
for its content of free amino acids. 

NMR Spectroscopy— *H and 15 C NMR spectra were obtained for 
J H?0 solutions at 400 and 100 MHz, respectively, on a JEOL GX- 
400 instrument. Spectra were recorded at 40 *C using acetone (<5 H 
2.225 ppm) and dioxanc (6 C 67.40 ppm.) as interned references. Two- 
dimensional experiments (COSY, NOESY. ROBSY, HMQCJ were 
obtained using standard pulse sequences available in the GX software. 
A mixing time of 0.5 s was used in the NOESY and ROESY experi- 
ments. 

Protein Sequence Analysis —The protein sequence was analyzed on 
an Applied Biosystems Protein Sequencer model 477A/120A. Ap- 
proximately 1 nmol of oach tryptic peptide(22-36) from glycosylated 
and native IGF-I was analyzed. 

Placental Radioreceptor Assay— Crude membrane fractions were 
prepared from human placenta and used ae matrix. Th$ assay was 
performed according to Hall el aL (15), using a pool of normal human 
scrum os standard. The serum pool was assigned an average value of 
Limit of IGF-l/ml. 

RESUtTS 

Human IGF-I was expressed in S. cereutswe, using an MFcil 
leader peptide/IGF- 1 expression plasmid, P539/12 (Fig. 1). 
This plasmid is an improved version of earlier described IGF- 
I expression plasmids (10), having an actin CATC) promoter 
regulating transcription (16). The total amino acid sequence 
(155aa) for the MFal leader peptide/lGF*I hybrid protein is 
shown in Fig. 2. The MFal leader peptide comprises the first 
85 amino acid residues, and IGF-I the remaining 70. 

However, when fermentation medium was analyzed for 
IGF-I, by SDS-PAGE in combination with ConA and anti- 
IGF-I blotting, a new IGF-I form in addition to authentic 
IGF-I was found. This form bound ConA, suggesting that it 
could be a glycosylated form of IGF-I. The two IGF-I forms 
co-eluted in three different chromatographic systems when 
purified from yeast fermentation medium. They could, how- 
ever, be separated by hydrophobic interaction HPLC <HI- 
HPLC) (Fig, 3). Due to a slight heterogeneity of the first 

LEU2 



2n 




ACT 
R 

a f-ieader peptide 
IGF-i 
H 

UftA3 



FIG. 1. IGF-I secretion vector p539/12. Yeast DMA {thick 
line) contains the following genetic elements: actin promoter (ACT), 
nF-leader peptide (the first &5 amino acids of prepro-MFal), IGF-I 
gene, URA3, LEU2, and 2(i ori for replication in yeast. Escherichia 
co!i DNA (thin line) contain the following genetic elements: pBR322, 
pMB9 (oripin of replication of E. coli), and Tn 903 (kanamycin 
resistance gene, Kan R ). S, Sofl; B, BamW; R, EcoRl. 
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Ftc. 2. Yeast ^-mating factor leader peptide IGF-I hybrid 
protein. Af- 1 inked glycosyktion Sites are underlined (stippled line). 
Possible 0-1 inked glycosylation sites (Thr/Ser residues) in IGF-I art; 
underlined (thick line). The KEX2 processing fltto between «-m*tinp 
factor leader peptide (An** 1 ) And the first Amino acid (Gly) in IGF-I 
ie marked with an arrow. 
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Fig 3 Separation of IGF-I and glycosylated IGF-I by HI- 
HPLC. Pooled fractions. (2.25 mg) from the Sephodex G-50 purifi- 
cation step, in 30 raM Tris-HCl and 0.7 m sodium sulfate pH 8.0, war 
applied to a TSK phenyl column. Separation of the two IGF-I forms 
was achieved by using a linear gradient containing 30 niM Tris-HCl, 
5% acetonitrile, and 0.075% Brij 35, pH S.0. Fractions eluting between 
30 and 32 min were collected (plycosyhted IGF-I) and uaed for further 
characterizations. 

eluting peak, fractions were collected (30-32 min) on the 
descending part of it, in order to obtain the highest possible 
purity. SDS-PAGE and ConA blotting of the two separated 
IGF-I forms are shown in Fig. 4. Both preparations showed 
only one polypeptide band by SDS-PAGE indicating high 
purity. ConA blotting revealed that only the faster eluting 
material from the HI-HPLC step bound ConA, which sug- 
gested it to be a glycosylated form of IGF-I and which was 
demonstrated by sugar analysis (see below), This form exhib- 
ited a slightly higher apparent molecular weight (400) than 
native IGF-I (Fig. 4). 

Three consensus sequences for AMinked glycosylation 
(Asn-A'-Ser/Thr) located at Asn 23 , Asn &T , and Asn 67 , have 
been recognized in prepro-a-meting factor (ppMFal) (5). Mo 
consensus sequence for iV-linked glycosylation is found in the 
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FiG- 4. SDS-PAGE and subsequent ConA and IGF-I blotting 
of IGF-I and glycosylated IGF-I, obtained from th« TSK 
phenyl column step. Lane 1, IGF-I (TSK phenyl fractions 34-35). 
Lcn* 2, glycosylated IGF-I (TSK phenyl fractions 30-32). Each lane 
was loaded with 0.4 Mg of protein. After electrophoresis, protein bands 
were visualized with silver staining or blotted onto two separate 
nitrocellulose filters. E»ch filter was incubated with cither ConA or 
anti-IGF-I horseradith peroxidase conjugates. 

Table I 



Amino acid composition of the different IGF- 1 forms 
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Arginine 
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6.3 
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IGF-l sequence. However, several possible 0-1 inked glycosyl- 
ation sites are present which are indicated in Fig. 2. 

The amino acid composition of the glycosylated form re- 
vealed no significant difference (Table I) from the theoretical 
value based on the primary sequence for human IGF-l (9). N- 
terminal and C-terminal determinations gave the expected 
glycine and alanine residues, respectively, for native human 
IGF-I (9), showing that the newly synthesized 155ao long 
hybrid protein was secreted and correctly processed. Further- 
more, the isoelectric point of the two forms was determined 
by Mono P chromatography, pi for IGF-I was found to be 
8.25 in agreement with the value reported for synthetic (17) 
a& well as plasma-derived IGF-I (18). The glycosylated form 
hod an almost identical pi, S.30. This indicates that no post- 
radiational modifications affecting the net charge had oc- 
curred and that glycosylation had little effect on the net 
charge. Finally, the specific activity of IGF-I and glycosylated 
IGF-I was determined by a placenta) radioreceptor assay and 
found to be the same within the experimental error, 18,300 
and 20,500 units/mg, respectively. This indicates that the 
glycosylation does not affect the receptor binding site. 

To identify the glycosylation site, a tryptic fingerprint 
method was used. The method involves digestion of IGF-I 
with trypsin and subsequent separation of the tryptic peptides 
by reversed phase HPLC. Using this method, 14 different 
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peptides could be separated (JT^5). Each peptide was isolated 
and identified by amino acid analysis. Due to the commonly 
observed nonspecific chymotryptic activity of trypsin prepa- 
rations, additional peptides other than the theoretical five 
were obtained. When the glycosylated form of IGF-I was 
analyzed, shorter elution times of tryptie peptides 22-36 and 
22-31, in comparison to those from IGF-I, were found. Peptide 
22-36 from IGF-I and glycosylated IGF-I was isolated and 
used for protein sequence analysis. The analysis wa& carried 
out for 15 steps covering the entire peptide length. The results 
obtained showed that there was no sequence difference be- 
tween the two IGF-I forms, except in step 8 corresponding to 
Thr s - (Fig. 6). The expected PTH-Thr" derivative was not 
found in this step when the tryptie peptide isolated from 
glycosylated IGF-I was analyzed. Only a small amount of 
proline corresponding to amino acid 2S was found which was 
due to the known low cleavage efficiency at proline residues. 
Similar amounts of proline was also found in cleavage step 8, 
when the no n glycosylated tryptie peptide 22-36 was se- 
quenced, Furthermore, no sequence difference was observed 
in the subsequent steps from Glu io to Arg - " between the two 
forms. A summary of the sequence data is given in Table II, 
The sequence analysis suggests that the giycosylation site is 
Thr* and that the giycosylation is of the CMinked type, 
previously shown to occur in yeast On threonine or serine 
residues (19-21). 

The carbohydrate moiety bound to the JGF-L polypeptide 
backbone was analyzed after acid treatment. Released sugars 
in the form of alditol acetates were analyzed by GC/MS. The 
only sugar found was mannose. No GlcNAc was found, usually 
associated with AMinked oligosaccharides (22). The content 
of mannose was determined to 4.5%, corresponding to ap- 
proximately 2 mannose residues per molecule of IGF-I. The 
estimated stoichiometry was confirmed by molecular weight 
determination of the glycosylated tryptie peptide 22-36 using 
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Fig. o. Tryptie fingerprint analysis of IGF-I and glyco- 
sylated IGF-I. The protein samples (0.6 eag/ml) were digested with 
TPCK -treated trypsin at 37 *C for 2 h. Tryptie peptide? were subse- 
quently sepuraTed by reversed phase HPLC on a Vydac C u column. 
The peptide* were elured uiini; a linear gradient (5-60%) of acetoni- 
tnle in 0.01 M sodium phosphate pH 2.0 at 37 *C. Detection wave- 
length win 210 nni, 
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FiG. 6. Protein sequent* analysis of tryptie peptide 22-36 
isolated from IGF-I and glycosylated IGF-I. Approximately I 
nmol of each tryptie fragment was analyzed. The sequence analysis 
was, carried on for 15 ytepa. Only sequence steps 7 and 6, correspond- 
ins to prolmO-28 and threomne-29 in th« IGF-I toquence, are shown. 
Diphenylthiourea eluted at 21.1 mln. The difference in diphcnylthi- 
ourea content observed U due to different water content in the system. 
Identified PTH-amlno acids are indicated by +- in the chromotogram?. 
Retention times are given in minutes. The tryptie peptide sequence 
analyzed is piven above. 

Table II 

Sequence riots of IGF-I tryptie peptides 22-36 

Amino acid PTH-amlno acid 

Step in tGF-I 

sequence Tryptie peptide 



Glycosylated 
tryvnic peptide 





pmol 






1 Glv* 2 


Giy (969) 


Gly 


(928) 


2 Phe" 


Phe (1027) 


Phe 


(1261) 


3 Tyr" 


Tyr £1060) 


Tyr 


(1349) 


4 Phe" 


Phc (1022) 


Phe 


(1236) 


5 Asn ! * 


Asn (6S4) 


Asn 


(1126) 


6 Lye" 


Lys (959) 


Lys 


(1346) 


7 Pro w 


Pro (615) 


Pro 


(998) 


6 Thr 29 


Thr (551) 






9 Civ 30 


Gly (585) 


Gly 


(830) 


10 Tyr 11 


Tyr (590) 


Tvr 


(900) 


U Glv" 


Gly (581) 


Glv 


(763) 


12 Ser* 


Sor (287) 


S«"r 


(465) 


13 Ser" 


Ser (332) 


Ser 


(509) 


14 Ser™ 


Ser (263) 


Ser 


(450) 


16 Ajtf 6 


Are (128) 


Arp 


(U3) 


Repetitive yields 


% 






Glv a , Gly**, G)y 5: 


94. 46 




97.39 


Phe a , Phe 85 


99.76 




99.01 


Tyr* Tvr 31 


91.96 




94.39 


Ser", Ser 3 ', Ser 1 ' 


95.86 




96,93 


Average 


95.52 




97.43 



"The level of PTK -threonine found in the glycosylated tryptie 
peptide was approximately \% (9 prnol). Values art? corrected against 
backjn-ound noise. 

mass spectrometry. A mass difference of 324 between the two 
peptides was observed in the masfi spectra (Fig. 7), corre- 
sponding to 2 mannose residues per IGF-I molecule. 

Glycosylated IGF-I was subjected to enzymatic digestion to 
obtain larger quantities of a glycopeptide, containing only a 
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FlC. 7. Mass spectra of tryptic peptides 22-36 showing the 
molecular ion region. The peptides were isolated by HPLC from 
IGF-I (-4) and glycosylated IGF-I (B) digested by trypsin. IvUaa 
spectra were obtained on a time -of- flight mass spectrometer using a 
plasma desorption ion source. 

Table III 

*H NMR chemical shifts of signals from the c-D-Manp{1^2)a-P- 
Manp(l~*S)Thr part of the isolated glycopeptide 

The spectrum was obtained at 40 *C and pD 5. The chemical shifts 
arc given relative to internal acetone (2.225 ppm) and were obtained 
from the two-dimensional 'H-^C shift correlated spectrum. 





H-l 


H-2 


B-3 


H-< 


H-5 


H-6 


H-6' 


rt-D-Man/?(l-+- 


4.95 


4,02 


3.ai 


3,63 


3.73* 


3.73 


3.88 


2)a-D-Manp(l— * 


5.12 


3,87 


3.89 


3.71 




3.73 


3.S8 


3)Thr 




4.47 


4.31 


1.28 









"Tho alignments can be interchanged. 

Table IV 

!S C NMR chemical shifts of signals from the cfD-ManpCl—2)a~D- 
Manp(l-^3)Thr part of the isolated glycoptptide and the methyl 

glycoside of a~D-M(mp(l-+2)cfD-Manp 
Spectra were obtained at 40 'C. The chemical shifts are given 





C-l 


C2 


C-3 


C-4 


OS 


C-6 


(vD-Manpd— » 


103,1 


70.6 


71.3 


67.6 


74.2 


61.9 


2)n-D-Mflnp(l-* 


100.5 


79.8 


70.8 


67.9 


74.2 


61.9 


3)Thr 




58.6 


76.6 


18.5 






Methyl glycoside of cr- 


103.0 


71.7 


71.7 


67.8 


74.1 


61.8 


D-Manp{l— * 


100.1 


79.3 


70,8 


67.8 


73.4 


61,9 


2)a-D-Manp* 















* The signal could not be detected due to the low S/N ratio. 

* The signal for the OMe group was observed at, 55.7 ppm, 

limited number of amino acid residues, for NMR speetro- 
scopic studies. The sample was first treated with trypsin and 
subsequently chromatographed on Sephadex G-60 to remove 
nonglycosylated peptides. The fraction containing the glyco- 
sylated peptide was further degraded by treatment with pro- 
nase. Gel filtration of this material yielded a carbohydrate- 
containing fraction which was analyzed by l H and L *C NMR 
spectroscopy. By different two-dimensional experiments, all 
! K and 13 C*NMR signals could be assigned (Tables III and 
IV). The spectra revealed that the material consisted mainly 
of I threonine and 2 cr- linked mannopyranosyl residues. In 
the NOES Y and ROESY (Fig. 8) spectra, cross-peaks between 
the signals from the anomeric protons at 4,95 ppm and 5.12 
ppm and the signals from H-2 (3.87 ppm) and H*3Thr (4.31 
ppm), respectively, were obtained. These inter-residue NOE 
contacts showed the sequence a-D-Manp(l— *2)a-DManp(l-> 
3)Thr (Fig. 9), The "C NMR spectrum of the isolated product 
was similar to the spectrum (Table IV) obtained from the 
methylglycoside of a-D-Manp(l-»2)or-D-Manp (23). Only mi- 
nor differences for some of the signals were observed which 
probably are due to the different aglycones of the two samples. 
In addition to signals from the disaccharide minor signals for 
anomeric protons of a-D-mannopyranosyl residues at 5.23 T 
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Fig, 8. A two-dimensional ROESY spectrum of the glyco- 
sylated fragment with a *H NMR spectrum along one of the 
axes. The spectrum shows the inter- residue NOE contacts between 
anomeric proton? In the Manp(l-+ (A) and — *2) MsnpU— * (B) 
rasiduos and protons in the linkage positions of the -»-2)M&nr>U-* 
(C) and threonine (£>) residues. 




FiG. 9, Molecular model of a-D-Manj?(l— >2)a-D-Manp(l— * 
3)Thr. The structure is the main carbohydrate moiety in glycosylated 
IGF-I, produced in S. ccrcvisiae. The energy of the molecule is 
minimized by hard-sphere exo-anomeric effect calculations. Inter- 
residue NOE contacts in the ROESY spectrum are shown by arrows 
in the structure, The HSEA program (24, 25) w*b used to estimate 
the minimum energy conformation of the glycosidic linkages of the 
disaccharide. The program accounts for nonbonded interactions as 
expressed by the Kitaicorodaky algorithm, together with c term for 
the exoanomeric effect. 



5.13, 5.03, and 4.95 ppm are observed. This indicates that also 
mannose oligosaccharides of higher molecular weights are 
present These larger oligosaccharides were enriched in the 
earlier eluted fractions on the column of Bio-Gel P-2. The 
fractions showed also some heterogenity for signals from 
amino acid residues indicating that the glycopeptides consist 
of several different oligopeptides. 
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Adc novo glycosylated variant of human IGF-I has been 

^ M™?i m 5?"^ e / lyC0S ^ ted f0 ™ ^ found to have 
^M«Ml-^)a-DM«v(l-*3) substituted to threonine-29. 

N an C ^'- tT T: ati ° nal modifIc » tio ™ were found uain, 
nrnfr C " t " mina] d *«niinatiOD. tryptic fingerprint analy 8 i e ! 
protein sequencing of tryptic fragments and l H NMR spec' 
troscopy analysis. Furthermore, the glycosylated IGF-I form 

™w» theTr V Tr di& ' W *f f ° Und t0 ^^tlyprocessed! 

TK i£ ' * * lyCine reddue in the N-tarminal 

end. The addition of 2 mannoey] residues to threonine-29 
however, did not alter its radioreceptor activity (20,500 units/ 
ms) as compared to IGF* suggesting that threonine-29 does 
not participate m receptor binding. This demonstrates that 
subtle post-tMiulational modification, such as glycosylates 
etc., which might take place during expression of foreign 
proteins in yeast or other cell types, may not be readily 
detected in radioreceptor assays or radioimmunoassays Sev- 
eral other techniques, such as HI-HPLC, ConA blottinc 
protein sequencing, *H NMR analysis, and mass spectrometry 
have to be applied to ascertain their detection 

The observation that human IGF-I will be glycosylated in 
yeast but not m man (9) demonstrates differences in substrate 
apecificity between the yeast and mammalian mannosyltrans- 
feraw enzyme.. O-Linked glycosylate in yeast, although 
little studiea (21, 22), has been shown to occur via a dohchol- 
monophosphate-mannose (Dol-P-Man) intermediate step 
r , i J™ mann0s - vl residue « subsequently transferred from 
Uol-F-Man to serine or threonine residues, a reaction occur- 
ring m the endoplasmic reticulum (26). The structural re- 
Quirexnents for this reaction in yeast have been studied in an 
m mtro assay using synthetic hexapeptides as substrates (27) 
The i results showed that the introduction of a proline residue 
on the N-terminal side of a serine or a threonine residue 
increased the degree of glycosylate. Proline residues are 
known to introduce £-turns in proteins, perhaps thereby 
opening up the structure sufficiently to permit 0- linked riy- 
cosylation. Interestingly, the only threonine or serine residue 
in the IGF-I sequence that has an N-terminally located pro- 
line residue fc threonine-29 which also is the only amino acid 
to become glycosylated. The acceptor sequence around thre- 
onine-29 (-Asn-Ly 9 -Pro-Thr»-Gly.) i s different from that 
around threonine-41 (-Ala-Pro-Glu-Thr^-Gly-), although the 
latter also contains an N-terminally located proline. However 
this proline is not located next to threonine-41. The lack of 
glycosylate at threonine-41 demonstrates high substrate 
specificity for the yeast mannosyltransferase enzyme The 
substrate specificity for the corresponding human enzyme has 
been studied to some degree. Fiat et al (28) reported that, of 
10 CMinked glycosylate positions in human casein, 9 were 
jocatcd in 0-turns (proline), supporting the above results. 
However, a detailed knowledge of the consensus sequence 
specifying an 0-lmked glycosylate site in yeast and in higher 
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eucaryotic cells iSTot yet available. Work in our laboratorv 
is m progxe„ to delineate the structural requirement for O 

anonnrie effoct calculation of the oligosaSharidT hax6 '^ ie exo * 
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lory, Cold Sprrnj K a r b o r , N . Y , ( I 9 7 8 *F ) ] C 12 « 

£P £ , (Rta*Cf*'bnftYKN27/pSAK03l/StYP0 
fBi6-Ct8«LT«rtjrtTttrtf«, W JE © * fe W £ 



C pHT56% #Abfct>©CifcbrM««©75?- 

« e d tt r 4 . 
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YNK27»^pSAK03l©*ftttDNA^l»A b fe * ft fc 
W«©»ttCJ;i)tfft^. CSMt* Hfe >• V 7 r 

©7b - rJbK*WUferar.-*»«rnajt 
(* ft M > 

* ** . *«h tf *©«**«** ^ ft* en*© 

* 4 i* ft * K * , %©I~V©;&|£(CJt-»fe. 

i [wmamici * oka© yi k t s c ] 
WRWJtcxivifffflaifitffu, r k 3 « a * 

ffi ti ( I >~ (3 )© « n # I* Advinceo - Bacterial 
CenetlcsCl 9fit^ )(Col d sprin 5 Harbor.New York) 
CC tt -3 fc . * fe W K * ft tl . 2*t£E/iig OKA© 
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Mn»XU^ * tl 85X: T 30# HIHlt 

»^T* TE*«W(10 nMCDh V 3 tt Ift pH 8. OR 

If! »M0DEDTAA>e>fc4)Tte*Ul/ ft 7 I J -ATI 
® fe tt b ^ X-*A-T7x>'- J «'*Ht*2«SfB 

i^y-Atm*T - 2ot: t 3o» m » * o fc a x 
< i >« a m « « w « 

10 iNffl > U * J* K < p H 7.4). 10 ■KtDfifttt-??' 

i i^) i a u i *H<o^f-^^u-< f - * #> & «t « . 

50 » M <0 N » C J » 10 iM® K *) 7. t£ « ( P H 7.4). 10 
■ ff©8lK7 ^ * i. Rl/ 1 mHlD Z? ? it Z U 4 t> 
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o) s it « * a m m 
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d c t> n a k* * © ff * * » 7 a a y > 7 * % i ? * - 

H (CIAP)IC J; US] 



URfl¥2-l568B0 (A) 

m r * , 

«BS**TWWbfc7'97,i KDKAOO p «o) 
5' * « )* 50/1 ICDCIAFKIBttCSO lK© f y * J* M 
<pH 9.0), I BM<DttftV^*i/«?A, 0.1 iHOlt 

ftswavi im<d7^a5 v><p^ft« ]csi« 

b . 1 p no I * J* 3 9 * Q.0I«(3COCIAP«fi0^37 
8.0), 1 M HiCI. 10 #M EOT A . 5^ !CD 10 96 SOS. 

io u \ o *. * to *. . 65iCTi5»/B5Rr»r** Atn 
ttTEH««*Tfcfoufc7 i j -ji-ettih&m^ . 

x-**1*7xy-*%lft*l,, x * / - A* tt * 
K Jt I) 7 9 ^ U' DKA% 0C r * . 
mCHuni be>n^^U7-"t*tCJ:«0NAtt<f^**(D 
Bt £ ] 

tti * * « * f* -3 DNA% . 30 <iH© » * + * <; A 
( d H 4-6), SO NlOKiClSU InCI|i)> b % i 

IS fli fiX I 00 m I tc ft Iff </ * : h i: I *i 1 <2urti U/ « I) 
©Hunj facing ^ U 7 - <tf t to * X 3TC t J 0 5> IffJ 



h ';^tt»«»ffl(pH 9.S)StlM0*i1«D8 ft U S C 1 

* a to r * . 

)X ^ T! c h t; ison icd 7 i ^ - ^ R t/ £ no* 
*i»K*«(i : l>*to*T*l & * * * « 

« U T 10tt l©3 MftK+h iM J. t 200 ii l(D X ^ 

y - a * id a . -jo-ctote t . » £ # *t o r i* 

rv CT4 dna y # - a iz * * m t* 3 
«ttr*2«<D0NABffK-«» ui/ioj< icai« 

Jt^tCiIWfflat|j«C68 a H0 h >;^««(pH 7.5) 
6.6 »M<Dtt^t^y*'>*?A, 10 mH<0 V ? * % U 
•Y h - A 6»S ft « ]K » II t 65"C T 10» III * 8 L 
fctts 4 tT?86<irt©*TP(rf ; ■/ > |. U 7 * X 
7 x - h )* to *. . * K 7 4 0HA V # - -B « , tt * 

aEnssjti&iio.iws/,!/! oka, 
i8^njRc:*ttft«> 65T;Tio»w»a-r*. 

»0^-y*D^-r-tr7 • -b b f •> x * I O «1<D 



YEPOfc it 4 s T 30-C T - * ISI W * 1/ » * W 0 T - @ 
TEtt » ffi T tfc # U fe t* , n«ftiifttCtt«l/. MIK 
R4<2X !0cells/ilt * Jt -5 I: t « . 

CCDefl5#»5O0« IV Rf 'J ^- 

(pH7.5)tto*.30T:i*lHfB5tS»L/ft:», 100/iI 
5e««t*tc^iiL/. Ot f c h CDNAt i6* l/Ot 
T30#fflffifcr*. 100/zt£O70«Jt< i ;xf-U>^ 

U 3 - A- 4000 t ^ c Tea » H> * to A . * < ts # L 
aasor-ei ww. fti'T4Jx;-e m « f* u . 

P?iiHfei:CCttffiU. 30t T 3- 4B HI f| I O T 1(5 

h is ts> m % f 6 * . 
n tt w i 

CI >7 9 7 i K PSAK03I® 99 « 
(a)7? 7x i K pSA(C009COW« 

7 1 % X K V!p5« BtiH 1 -t?yj»rO, Hung bean 
I, 7 - -H TXIHt *HHt t TBnlt I VJBfMta 
*«»Ufc*, T4 0HAyjtf-**ffld*Tfi5a» 
**T7'9^i K PSAK009* H » U (* 3 B ). 



-450- 



(b)79Xi KpREI 07 8(7.5 kb)©ttH 

* * C 7 9 * i K pMASl * Bf I II t» « 1/ . DNArf< 

»J y ? - -tf I T^HHtXtl/te*. EcoR I t U) K 
VTPGK©7n* - - KWttf 1.5 kb© EcoR 
I - (BilBJi^CI )t»»l/fe. - * pREI 059 

* Itlnf I T W » 1/ - SR«*»«ll/fe*. SHI T 
VJKUTMFal©5'#HK«*fc V - r- B«« 

* t; 337 bp© K W < D )fc * *l 1/ ft . *fcpKE1059 
<D /3 - J> F ^ 7 V ^ilfe? tSil I -A»tn 
»T^(ni)t. TRPU 2 |1 Rft V p6R322© ori , Ap'* 

* C EcoR I - A*l 0 Vi W (IV ) t * . * ^ O W m » 

* T W if L ft « , - ^y^«^*tti: J; •) 

± 12 T f# ft < I )-(IV)(Dlfrt «HCH DM';* 
- T tt U T P REI078(7.5 k b ) t* II O ft <* 1 
H >. 

( e ) 7" X 4 KpSAK028©W« 
JbiaCb>TWfcpRE107 8«6»«Hr-CW»fU - T4 
DNA'J>y--tfT?5tt#*ti-«^ttiJ:»J- p RE l 0 78 

-t © I 2 # Kix I 0 7 )H |g ) * » 1R l/TX ■» * > K 
A-7-?a-7'K»b, CntC2/i«©|?iepSAK0 31 
©K«ttDNA;ftl/*3« l(0 50K©*'Jlf u>r*; 

at ^ -e 12%: -c s» mm » « b ft a . k m * t? * 
u ft . 

i©± •> ic«aufej*n«iooa t©*«*i-as 

t i: K * ft . 30"C T? 3B f»l « « b fc . 7 L- - h i 
K*Wbfc^<o**©3D--t5 « I © Y P D t(f »* 

0HA*ttifcO, »e»h.fcONA 

T - pSAK031©iT«4*0NA*il3t-tt*i£*nfc 
YNN27 / p S A K 0 3 1 / St t§ jR L ft . 
C3)V*N27/ p S A K 0 3 I / S© E M S K J: * * H 

13 la ( 2 > T » * n ft Y N N 27 / p S A K 0 3 I / S * Y P D ff 



?fRB ¥2-156880 (6) 

pSAK027fcf#fc. £ © PSAK027* EcoR I T W K 1/ T 

l/NFo IO # - 4 * - > - BH**C3.I kb© DNA 
*r * fc * • 1/ ft . £ © DKA»r * * , tt!3Ct)T»ft 
PSAK009 * EcoR I TWttL/Tff -?nfc5.5 k b© 0 N A 
■f*rfctt***TpSAK028*Httb ft <* 2 H >. 
Cd)7 V X X V PSAK031© W U 

V O * © a - 7 * ^--tfitfe^C-tHSAOi/^ 
t^BJH «!l'ftt(0)Ht79 ; i K pSAK 
DIlteiiHt T^il/s W 6 n ft W I . 5 kb© "? 
*©a-7*?-*itfE : FWt**. IB K C c ) T fB 
ft pSAK028©B*bH I WdiC. T4 D N A M # - * % ffi 

T il » * * • TD^--y-t75 9- 'tfae : ? : 
iiHI?J|IJTttftlfc4)©5i|ll?UT7 ) 5Xi K 
PSAK03I* f * ft < * 2 EU ). 

< 2 ) *f -v * a 4 -fe * -bu ^vxVHM27'N©7' ) 5 

* i KpSAK031©WA 

pSAK03 I fc Slu I T WIKf 1/ T i« ttDN^t t fc . 
YMM27*VPD*il*T'ttftitHIW©4»M * 

»(pH 7-0)TiJfe7*a, SX IO»»ft/-il«IS«:<t 

X C 30fi I © E M S tiiS8DUT30*CtC«rtU. 5# 
IB » T 1 00 *t l^^«t). 4 »l©596?^Wl«t h 

5# ffl W T HE JR U ft EMS ftl!l!%*^ lOOQOiS 
C ft K O . * © 2 0 0 *t 1 * Y P 0 tg ftfe ( 7 U - h 

< ft . 2«t T2B W«« U ft . £ © T8K * * » « 

J|-<-<ilTt*l/T8lCC«ffllt. 2B&KYPD7 
L/ — Hi;BJ«lyft3DZ-©fttlt*0Tife» 

* * i* £ b ft . i?l$iMC~50«i:tt 5 EMS« 
il H R * * » . toHflJIf >7*(f *K«t h 

-5 -u * w « * k sj. a i/fc em s sa i » )t sdoo 

«tZ«B*T»fRU^ * © 200 u I * YPD7" b - h 
IC t #24^CT*»»UT^ 80 00fi©J - % » fc 

|^(03D - -(OityPD7b - h i; « ■ b , 

StlifcAO-c^!?tttRlt. * © » « a a 
-©aa**wt*©2tBjy±iwft ofcsc«ME9(*t» 
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ft * 0 fc . 

( 4 ) p o p 1 Cj:47i9-*0»j« 

U)pSAK03] *i3t-Tftft*JtC«#iiAJIi 

* ft C VPDtS m * m V> T 30T T-«BJJ8#t, « 
«W*U:ft**l*a-7-i J 9--tf£tt*tft£*t*< 
*#t£KJ:»)IEftl/fc. fc*Jit«©fc«t>U:EMS 

B«fci8iOTt«t«l*{:*j h4 a - 7 * $ - 

fc . 

<b)pSAK03!<© tO * ii * © ft popl* C . ^ » ft> 
6 pMTSfi* * A b & H * 

± 12 ( 3 ) T * ft fc popltt ^ p SA K 0 3 I (0 « * & 

v -ft a 7 4 -tr ^ -tr b tr VXAI92[Genetlcs.M9g, 
4 99 -506K(1988if)3fc ife tf ft 2 » tt * 

ta^fBRE** - H#*«W*tT*t-9T. p S A K 0 3 1 

tt8ifc«CDfc*>u:, VNN27tt £ pMTSB* ± K t * 

It «l CD 0 . 5 lit , t 96 » * ft C 2 0 i«CDU> 
K ■ » H (PH 7.0)0.5 «lt«ftl/T30'CK«f»L, 

* t* * * * . ft * © lit w ic 0 .5 mi 00 dnsw a (0.5 

* * t£ 2 0 B l<D2N-NiOH. 30 «CDO-y->X^ttaU 

* * fln * T i 0 0 nlkbfc4»«))€etebT5»m* 

2? . t.3 ■ I CD jk * &0 * , K *4 © 3 25 n«K *> 
it5fiJtH(Asis)%ll()tt« . 15#**KICU 
fc K H © A j j a « t - 0A-KBVl/ftK*4cDA.sM 

TW^MttattoTti*, « ?4 © * £ W » * ^ ^ n 

»*7i^-HfCDI*ea<unll> 
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© IB * U> h © /jt t> poplf* ( P o p 1 A p S A K 0 3 I / S ) * 

te . 

C©poplApSAK031^S**tCpHT56t K* T © # tt 

cp *» . pop i a PSAX03I/ stt « ypo* ift -e « » *» 

WIfc/t2*/llClft*Jt$lcl MOtTlfi^^a^A* 

fft =fe Id H ft . * © 1 2 y I ( 1 x i oi » & » Jtf U 
TX7^>K^7fa-7K(ll» c n U 2 « s © 
pMT56Rt/4.5*i ! © 50« © # U > ^ y ^ - A- 

l/X 30 T;i»45»n«l»b. « 
T <2"C "5 5» m (R « M O ft « . XB*Ttftt»Ufc. 

CSHIB*4» 4 b 'J7h77>t»*tfc7b - f 
J: K 4 * . 301CT3B IB«« I , 7 U - Kit- IS 
fl/fcl><^t>03D^-«*«l/, 2 96 © 7" A< 
3 - 2 * ft t* VPOtS itfe * ffl ^ T 30*C T-RPIt8« 
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YHN27/ p 5 A K 0 3 1 / S 
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poplApSAKOSl/SK 7. 8 
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-b ^ -fe u £ x YNN27© « ft -C * 9 > IfiMt 

aBIfeDH*ttttW 

It 1 BISl/K 2 HSU. * * 7 ? * 5 K PRE I 078 
S 1/ P SAK031<D tt Jft * - h **-r«^B-C**. 
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(54) REACTION BED FOR IMMOBWkED ENZYME 

(11) 2-156879 {A) (43) 15.6.1990 (19) JP 

(21) Appl. No. 63-310861 (22) 8.12.1988 
(71) CHISSO CORP (72) MICHINORI KAWANO(l) 
(51) Int. CI 5 . C12M1/40.C12N11/02 



PURPOSE: To obtain the title reaction bed consisting of a fiber capable of immobi- 
lizing an enzyme and thermally adhesive composite fiber, stabilized in form 
by thermally bonding contact point of each fiber with an adhesive component 
of the thermally adhesive composite fiber, capable of enduring passing-through 
resistance and having small deformation and 'large effective area. 

CONSTITUTION: A fiber blending web containing a fibrous carrier consisting 
of a ceilulose fiber, etc., as a fiber capable of immobilizing an enzyme and 
sheath-core type thermally adhesive composite fiber, in which sheath component 
is polyethylene and core component is polypropylene is heat-treated with a 
suction dried at 140°C for Imin to provide the nonwoven fabric-like reaction 
bed for immobilized enzyme having contact point of each fiber thermally bonded 
with an adhesive component of thermally adhesion composite fiber and stabilized 
in form. Furthermore, the reaction bed for immobilized enzyme can be obtained 
by immobilizing the enzyme to a fibrous carrier constituting the reaction bed 
and capable of immobilizing the enzyme by a physical absorption method, ionic 
bond method and covalont bond method. 



(54) SACCHAROMYCES CEREVICIAE POP1 
(11) 2-156880 (A) <43) 15.6.1990 (19) JP 

(21) Appl. No. 63-311943 (22) 12,12.1988 

(71) AGENCY OF IND SCIENCE & TECHNOL (72) AKIRA SAKAI(2) 
(51) Int. CI 5 , C12N1/19,C12N15/31//(C12N1/19,C12R1.'865) 



NEW MATERIAL: Saccharomyces cereviciae POP1 (FERM 10417) which is a 
mutant of Saccharomyces cerevisiae YNN27 and excretes protein in a high 
degree. 

USE: It is useful as a host which can excrete the protein in a high degree, when 
different kinds of proteins are produced through a gene recombination technique. 

PREPARATION: At first, FGK gene promoter, secretion signal of a-factor of 
yeast (MF al) in a yeast, mouse a- amylase gene and the terminator area of 
MF al gene are inserted into a know plasmid Ylp5 to prepare plasmid pSAKO 
31. The straight chain DNA of the plasmid is inserted into Saccharomyces 
cerevisiae YNN27 chromosome and treated with ethyl methanesulfonate to 
induce mutation. 



(54) SACCHAROMYCES CEREVICIAE POP2 
(11) 2-156881 (A) (43) 15.6.1990 (19) JP 

(21) Appl. No. 63-311944 (22) 12.12.1988 

(71) AGENCY OF IND SCIENCE & TECHNOL (72) AKIRA SAKAI(2) 
(51) Int. CI 5 . C12Nl/19,C12N15/31//(Cl2Nl/19X12Rl/865) 



NEW MATERIAL: Saccharomyces cereviciae POP2 (FERM 10418) which is a 
mutant of Saccharomyces cerevisiae YNN27 and excretes protein in a high 
degree. 

USE: It is useful as a host which can excrete the protein in a high degree, when 
different kinds of proteins are produced through a gene recombination technique. 

PREPARATION: At first, PGK gene promoter, secretion signal of a-factor of 
yeast (MF al) in a yeast, mouse ^-amylase gene and the terminator area of 
MF a\ gene are inserted into a known plasmid Ylp5 to prepare plasmid pSAKO 
31. The straight chain DNA of the plasmid is inserted into Saccharomyces 
cerevisiae YNN27 chromosome and treated with ethyl methanesulfonate to 
induce mutation. 
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u.#i«r*»i»BW»io4iB^fc b x * K * n 
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j\i)[tf-y*a^4-tr7 * u C i/ x YNN27& ft * 

^ © 7" ? * i KpSAK03l©tt««DNA©»A3 

i y <f 7 * o ^? ; tbe:>xYiiK27u^ fft 
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• IZED ENZYME 



PURPOSE: To obtain the title reaction bed consisting of a fiber capable of immobi- 
lizing an enzyme and thermally adhesive composite fiber, stabilized in form 
by thermally bonding contact point of each fiber with an adhesive component 
of the thermally adhesive composite fiber, capable of enduring passing-through 
resistance and having small deformation and- large effective area. 

CONSTITUTION: A fiber blending web containing a fibrous carrier consisting 
of a cellulose fiber, etc., as a fiber capable of immobilizing an enzyme and 
sheath-core type thermally adhesive composite fiber, in which sheath component 
is polyethylene and core component is polypropylene is heat-treated with a 
suction dried at 140°C for lmin to provide the nonwoven fabric-like reaction 
bed for immobilized en.Tyme having contact point of each fiber thermally bonded 
with an adhesive component of thermally adhesion composite fiber and stabilized 
in form. Furthermore, the reaction bed for immobilized enzyme can be obtained 
by immobilizing the enzyme to a fibrous carrier constituting the reaction bed 
and capable of immobilizing the enzyme by a physical absorption method, ionic 
bond method and covalent bond method. 



(54) SACCHAROMYCES CEREVICIAE POP1 
(11) 2-156880 (A) (43) 15.6.1990 (19) JP 

(21) Appl. No. 63-311943 (22) 12.12.1988 

(71) AGENCY OF IND SCIENCE & TECHNOL (72) AKIRA SAKAI(2) 
(51) Int. CP. C12N1/19,C12N15/31//(C12N1/19,C12R1'865) 



NEW MATERIAL: Saccharomyces cereviciae POP1 (FERM 10417) which is a 
mutant of Saccharomyces cerevisiae YNN27 and excretes protein in a high 
degree. 

USE: It is useful as a host which can excrete the protein in a high degree, when 
different kinds of proteins are produced through a gene recombination technique. 

PREPARATION: At first, PGK gene promoter, secretion signal of ^-factor of 
yeast (MF al) in a yeast, mouse ar-amylase gene and the terminator area of 
MF al gene are inserted into a know plasmid YIp5 to prepare plasmid pSAKO 
31. The straight chain DNA of the plasmid ;s inserted into Saccharomyces 
cerevisiae YNN27 chromosome and treated with ethyl methanesulfonate to 
induce mutation. 



(54) SACCHAROMYCES CEREVICIAE POP2 
(11) 2-156881 (At (4;i) 15.6.1990 (19) JP 

(21) Appl. No. 63-311944 (22) 12.12.1988 

(71) AGENCY OF IND SCIENCE & TECHNOL (72) AKIRA SAKAI(2) 
(51) Int. CP. C12Nl/19,C12N15/31//(C12Nl/19,C12Rl/865) 



NEW MATERIAL: Saccharomyces cereviciae POP2 (FERM 10418) which is a 
mutant of Saccharomyces cerevisiae YNN27 and excretes protein in a high 
degree. 

USE: It is useful as a host which can excrete the protein in a high degree, when 
different kinds of proteins are produced through a gene recombination technique. 

PREPARATION: At first, PGK gene promoter, secretion signal of ^-factor of 
yeast (MF al) in a yeast, mouse a-amylase gene and the terminator area of 
MF al gene are inserted into a known plasmid Ylp5 to prepare plasmid pSAKO 
31. The straight chain DNA of the plasmid is inserted into Saccharomyces 
cerevisiae YNN27 chromosome and treated with ethyl methanesulfonate to 
induce mutation. 
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U tz z £ &m ttt , / d h n 7 -f -y ^St J: 5 REM 
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(c ) (b)icafe* n fcEfc&M K -> r * U - 9 x ^ * R £ 3 - K T 516?, 

(d) C*7*-'^ h U 7Si*© < 7 ^-'H^tiW^W-i^ + yy- 
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(f) *»3TWfl6rSfc ! KB8«}rfU &t>* 
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7 7 — „ 

(4) M K7rill-.n.'; / 'I#PTN?^^Rtfe§ (1) ^fiB*<0^ 
7 7— 0 

(5) (1) fr<b (4) coo^n*'trg3ieco-<7 ?-f)f;I«Lfc^n b 
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(8) (5) iyt> (7) (Di^n^mm^Ymm^^mv,, frv&ftmm 

(9) frCQTM&'ats. (8) (CHBttCDKiH.MK ^ t X U — * W^SGDSJit^ 

(a) (6) C^i©MS)l*5^St ? vXg 

(b) pH4 "C-i9SfifSti 20°C, pH3 <b%\% k c MK * ^ ^ ^ ^CD^iS4t^*-T 
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m t ttB'J £ fitHfcgf^l lz L fe ^ o K?U i: nf fcftt £ & *] * * o 0 c: r n IB 
mo&t&fc-D^Xtt.. fig?**: ^^U^<D> -Ji y y K*g-&<OiE L office: ^ 
T&^dh (Weissnan, J. S. & Kim, P. S. : Cell, 71: 841-851, 1992). f&*k 
$ : J^ZUJ(DmmM^ffl$'TZ>Z £(Wiren, K. M. et al. : J. Biol. Chem., 263: 
19771-19777, 1988). & 2.1 ^i7°P IB*Wfi!c*$f ? > gjs# fcfflSflUfJ U rStt 

& Sorensen, P.: Proc. Natl. Acad. Sci. USA. , 88: 9330-9334, 1991)), ft h\ 

FCDf&S^\ ffiiMW^n^a^^S t :«'i>t5J:©»gt)ft§ (Cramer, 
J.H. et al. : Mol. Cell. Biol., 7 : 121, 1987) Q .fc%ffi£;fcOTttx dCDr 
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fcS (J. Kurjian & I. Herskowitz: Cell, 36: 933, 1982 )□ 

fc-T £ . m & T Wifef £ ^ n - ? - i: # - * * - 9 CO fISJ (I J$ a U fc $ggi*^ 

J.Sambrook, E.F.Fritsch, T.Maniatis (Molecular Cloning: A Laboratory Manual, 
Second Edition. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New 
York, USA, 1989) ll^mcDW$mte7j termm^ ^ Z> , <tH-^ * MWU 
,<^n buy i' -j?mm(Di£&^t? '' — ZtizmirZo #ftWO'MMlz1&mte'<9 
¥*7>m&£Zfkz&*FMlzl±, t^rwu h '-'XGS115 (Wf£#-^ ; 
NRRL Y-15851) 5'^ So 5»S Lt ^S^^ 

— ^t>i:ofc. I f^i]x.K, Kl 5 iz T*-f ^ — pP IC9 ( Ph i 1 1 ips Petroleum 

Co.,) Sffli'5:t«f5o jll^v-^->: L 

> ffittSiftfeT- (Ampicillin) £ J;t>*t:*Tfi*StX^> V -^fS7K#^f?i3fifc^ 
(HIS4K ££o>^ h;L^^^-T$)So S feC60^^' ^ ^-(i, tfr^cfc-?^ 

(ColEi). 
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1 OT^fitSa^'J. i^J: 7 Jl^J#f : 2 eor y fl$i2?!l#flB) 0 PTN^ 
W^ffCDiBfcT-Bu Met (1-3CDATG) A*e>, Ala ( 94-96CDGCA) £3S£>32{E!£>r 
^ ;8*?)S:Sy^iKrf Kt. ^tiClfet C Gly (97-99<£>AAA) fr£>Asp 
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mzlL 7°n p'7X hi£ (Hinen, A. etal.: Proc. Natl. Acad. Sci. USA, 75: 
1929, 1978), U^AS (Ito, H. etal.: J. Bacterid., 153: 163, 1983), 
&Z>iA± t MxL>v } l [D.M. Becker, L. Guarente, "Method in En zymo logy" , 
ed. byC. Gutherie, G. Fink, Vol. 194, p. 182, Academic Press, New York( 1991 )] 
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£>£SA&(:fc*'j640mg/L (MK*W^WligM=1.8A. so ) "c'fc Ds a lH^y 
^+;uBd*"U£<£fflL-fc.?J#s t h M K @ i J 7 "^ n id^J&ffiffl LfcWfr cfc 9 
5 #m±0 f>Hi>CtPi]f> S .» MK& -> ^'"i- ;i-B£5>J SrfJ 

ffl L .fcSftJSl*. (pHILD4-hMK/GS115) S*g*L. tlfeM K 4 S P -t T 7 t- n - 

j^&J^-s/tU V-fe^rn— XU:<fc 0!l9&U MALD I ,ij (matrix-assisted laser 
desorption ionization/ time-of-f light, mass spectrometer )"Clf .ft^fW LtzieS 
JflfcEll Kc^-Tc S£MK©t-?liIt*il' (»|^fifil3241.6) tt#HH 
*f)18i^l/to5i:^^ii5MKOt-^A'-K«$n« ^n^coeSttS 

«JSftpPIC9K-4AhMK/GS115©7 r — -X V ^iSfLtuS^ MKd 7 > > fl&'ffiWl 

i&frb. Tyr-Val-Glu-Phe-Lys© 5 T 5 tz <b <7X Tyr-Val-Glu-Phe- 

Lys-Lys-Lysco 7 r i V Stfr'p&frfi fe & tfX Tyr-Val -Glu-Phe-Lys-Lys-Lys-Asp- 
Lys-Val-Lys-Lys(7jl2r * ytf^ntiOiPlS^nS^ St. * y 

*iS#trr4>*S£, Tyr. Lys. Asp#tfcttS«*tl. cn^iif SMftMK^ V/i ^f, 
6 57; ;mffifrtitz$>CD, i$£V7 T 5. S8Hmfrtltzi,<Z><D-J' 

So 
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2 e>(c.56S<*pPIC9DP-hMK/SMD1168CD7r — / >^^#i:^oMK^>/^ 
HC0?6S»*FPLCt«t !?8W^-T5i:, 0 9 £ ^ iT <fc -5 £ * M K ^ : ; ^ ff cD^g3S 
ei8B@C> g-A:^360nig/L£C5SUTO5o 7 B BtOiS^lOml^ 6 MK 

^v/^si, mrn^r Midi nM.^rr-r ^ mi oi-^t^oiz, mjem 

v^^H<©aafi^-7ftl3241.3( + l)fcaHra 1:13241. 2(H)*/rxL. 
l/iMKiaaS/miSS^^iiSK 0±*GS115^?)SMD1168^^a-r*fc 

^(7)<t ^(-bXt#e>nfc*«BflOHiEMK^>.'^KcoiH^?Stt*^ NIH3T3*ffl 

£ fc . * SSffl £ t> f-g i i £ fX IE M K 9 > ' ^ H <D 2 < W« ;£ (c "T 3 +S« * f# 
SfctoClx CD (circular dichroism) h ^SrffliJ/^ L £ifi5JR£EI 1 

Lt05o/8iaS^tt-*A 6n^215nm^5£^acOt:-- 

ofl^WftSo ±l3LfcMK^^^^<Z)NME»«fiBSfre)^ MK > '1^ S 
^£/?«fiaL*tS^£;ft&^^ (Iwasaki, W. et al.: EMBO J. 16 : 6936- 
6946,1997), CCD^^^ b 'L i: <t < — S LTU So :**BW££ 

*58BHtcJ;ftfciu PTN^>'^t:oiMt, 0 1 4^HPLCiStB7-D7>f 
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m 1 i±, ¥*T$mm&*x ? -r^-^^s^ ? + n, ^(Di^mm * * -r m 
t$)Oo vfct. > ^ + ;i ^ v id mm m & & ^ t c 

m 2 ii, M K ^ ; ' ° 5> K&IS--*^ ^ — (iffifflT ^pPHIL-SlCD«lit4^-r^lT-S) 

(S'AOXl), b^T^/3@gf4*^-7 -t^ — t: (PH01) (D> ■ ffi^ij ( S ), A0X1 

afc^^te^^lScOfe^^DNARa^J (3'A0X1-TT), & XZ>V A0X1 i: tti: b f 
^teDNA-N<7)^^ > ^ Jlimfe'&iz -7)1 

(Ampicillin),i5ct^ : t:^rB*fittx^i' : ;i/7=t K d triSG -?(HIS4) 

fiB?iJS7i;-rEa"C*So ( 1 ) (±, ruBB5iJ<^ttJ»f5Btt&s (2) |±, -rvBin 
^WBrSMi*. (3 ) fct, * / ^^f^-fCJ: SWrgMi^To 

m 4(J;,MK^ 'S H$S«-^ V ^-(c&ffl -f 5pPIC9K(?!)«ia4^-rHTfc So 
y^v>^— (i N b^-TglST^n— ;l Tt3^ ■■ ^ — ^ jfifiT-^ ~ — * — 

(5'AOXl) , ^ >v ^ p Ha • t U t y xai^cT) a 1 E^' (7) y !7'+;i ( S K 
AOXliafi:-T-cD*ii¥^^t7)fc»C7)DNABE?'J (3'A0X1-TTK £ <tV5' A0X1 i: tttc b^r 
8*S&fiffcDNA*-v CO JjMfcft HWf* K ( r M ^-f S3 5 AOXl^r^^.v ^^^SB^JififS(C 

<5*^ iSiRv — thLT, r > b> U ^ faMififzH' (AmpicillinK h'^-r^Sh^ 
: .'-;i/-r : t h n^-r-ifMte-f- (HIS4), £ iWtv^ v >S»t£«{Z:^ 
(Kanamycin) SStc 

i5ilMK .^ : ■ | t^H«S3H^^^-^fieffl-r SpPIC9<D*S£^*-0T&So 

S'-n V >V — (i, b'^rTSlST 71/ =3 — 71 t^ry /7 — "if Mfc ? CO T D -t — ^ — 
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(5'A0X1) *D = t7. • -t b ^Et3*»a 1 H^CDv ^ + ;i/ffi^J (S) N 

AOXljBe^rotB^niBOfcto^DNAEfJ (3'AOXl-TTh *5«fctf5' A0X1 fcttC 

v H .-f ^ D _ - > ^© „ aB'«[*IT- ©«»BI4&^ fcLT.ColEl©*®*^ 

r; f> U ^ itttiSIE^ (Ampicillink is iVt^Tg* 
§t7f> y-JI/^t h D tfitfc-f (HIS4) £{^&o 

[*16tt, MK^^v^SgffiSl**pPIC9K-4AhMK/GS115 ("9" v> * n 5. -b * • -b 1/ 1 
^idjIOa l H-r-©i ^- + ;uK*iJ2:3tf) <£>5mM EDTAi^E t \ EDTA#i^7jET(C 
jjj-t 57 r-jt X'tM^ .}5«fctfpHILD4-hHK/GS115 (MK?^ r»*HB##*B© 

E3 7B:|b]1;<, [*! 6 0D*g«±^ I t'OMK * W^Sl<&*SJ&a£* FPLCT-iffJ^L 
E3 8tt* MK*W<?H*63itMMC9I-4AhMK/GS115 -v * u = -fe X • -t l/C 

/ 1 s cd MALD I n Si. ft 31 & *n "f Efl T? » 5 • 
f?|9tts MK^: ;^/H«JSt*pPIC9DP-hMK/SMD1168 (tf >y*n * -tr* • -fe l/t 

(1 1 0 fcfcPI L- < , KIM K * 9 H«3S»pPIC9DP-hMK/SMD1168 (t)"^ An i 

01 lfct H #sa»*pHILD4-hMK/GS115*7-?-^>^t&«L, ^C0tg«±«^?> 

B12B, *JHftpPIC9DP-hMK/SMDl 168S7r-^ >**S#IU *0>ig*±rS*» 

£>IS!«£i'lfcMK .? ©CD 7,-^. h ;U$7fx1 _ IH"C'fe So 
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m 1 4 & , pPIC9-hPTN7 GS115 <D r 7 r - < : 7 i£ « ± if! HPLC * 5 A 
(PolySULFOETYL A ; Poly LCtt) £i J; 5 i§m T n 7 y JV £ ^"t HT* S o 
D3 1 5 fct, hK h * f ;i L ^JH^pHILD4MK- 

hPTN/GSllS&^T— < V :^£*U ig*±;lfr £ffiK£nfct hrb-^hn? 

0 ^Ja^pPlCP-hPTN/GSllS^- 7 ^-^ : *i£f*U 1> £*S*l 

H17t±, ^JmpPI^-hPTN/GSllS*: 7 ? — *i&ilU ±SI6J:vS*- e»Sf«t 

(±. ¥^*fSH^[S(deg • cm 2 • decimoi" 1 )]T^;-To 

[^jfi^j i ] mk * ^ ^ -7*31^^ ^- L 7)«e^ 

?—<7)#l3ll;±. fflJ/LKJ.Sambrook, E.F.Fritsch, T.Maniatis ((1989) 
Molecular Cloning: A Laboratory Manual, Second Edition. Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, New York, USA) iz X K) 33t££ titz -5 

( 1) MK 7 y;^ ^Ill-^"t^y>v;fi v ■y + ^l/ES^y 7 — 

CDHJfcffl] 1 tzgQgicOMK 7 >M^^6Ja-;7 ^_ "pHILD4-hMK" Srffifflbfeo 
(2) PHO 1 O^^v ^+>l/g£^£$$r£3a^7 7— 
PHO 1<D> -^ + .'UaviJ (Ell) ^at?*ia--7 7— pHILSl (PHILLIPS PETR- 
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OLEUM Co.,) (02) fcfliffllfc. i&ftM' ^no-n Tt-dri-^— t: 

^-rp^..^-^ pho i ^+.aia^ji5,tt>'SE* l J4 j tci;(t5^;i^'' 7 D- 

/^T'OSo t hMK*' K-TScDNA (E^iJI^ : D £$f5!i:U 
SHIRBlJREcoRIggaSSBte* Str-t >'XPCR7^7- (e#i#^ •• 3 ) JsiVr 
•■ft>XPCR77^T- (fiWS^ : 4) Sffi^tPCRSMtflK f£$i 
MKcDNAfcigtfSLfco MKcDNAii. SHJISesREcoRIti 0 5££vPHb L , **7-"* 
— tft-Btt 'Jllteiit 5fcJM' - ? ? -pHILSlCDEcoRI S15{w t fifi A L,MKJ?>'^^ 
JW- <^^— "pHILSl-3AhMK" «fffc. ftft.®.^ r> » -T'*B§8HB101 =£JF>fHE«l b 

— pHILSltt, IE7H-tC7-n-fe ^^nfc t b"C& 3flSOT&#fcT = &b : mBM K * 

( 3 ) a 1 H+fl-iBS' + .»HiJ*|*£*r«»' ! > 1 ) 

+t-.y7jD * -fe* -fc U tii iroa^iOtVUST (MFo 1 ) ©»«Bf^ 7* 
+ >HK?"J (WT. r a 1 H7-»«> -f+^ffiyjj ^-5) (03) ? 
*- P PIC9K (04) ,AKM'<'7*-Li.s ±1316^^ ^-PHILSIC, 

(2) co^itC^U-r, MKcDNASJgJl'-t^^— pPIC9Kt» AU MK*>'^ 
&m%M'<'7*- "pPIC9K-4AhMK" ift- K^IM^-J'^-ii, lE^tcTn-tX 

(4) a 1 LST^iSv >7' J r)Vm^^ti%W-'7 *?-<Dffi$& (Z<D2) 

a lH^T^v^^atr.fcil^ ^ — P PIC9 (05) fcffifflbfco pPIC9t 
If A.-TS£S?AMKcDNA(i, 7,PCE7 - 7-f (IB*J#^ : 5) *5«fcVr> 
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ft>XPCR7'-i'v- (SE?!I#^ : 4) £fflt*T (2) h foIttC LTftK L 

fee 

ffiiJfKfil^EcoRI * <£ U Xho I iz X 0 ^±imt £ ti fz M K cDNAii, fBJtt ifHt £ n, 

tf-eatt'j : '&£ft£*8^^* — pPiC9tc»'AL. mk?>^^« 

gj<^*- "pPIC9DP-hMK" £f#feo 



InvitrogenCO^:ri3?+L^0^ 0 n hr? — (#tjx_k£\ pPICZAa, B, C, Version A, 
160410, 25-0150) tr I: T fro fc 0 SMD1168&, r n ^ r--trrSt$.^f£^pep4~ 

%MM 1 hftfz 4fI?B<7)MK ^ w^-$Bgl-^ ^- P HILD4-hMK, pHILSl- 
3AhMK. pPIC9K-4AhML £±t>*pPIC9DP-hMKfcfc. ©JPE^Sacl S fcfctBgll iTr^fS 
fbUfeo WWJWfitiiSBJffl^G S 115, &5^t±SMD1168£^S7};. ^itflMV^b 
^ h-^TiJE^^ lMVJt bi'h-AClSl, ^-^r^n^feo Bio-Rad 

cOGenePulser^fflO, 1.5kV, 25//F, 200-400^- A <D^TSMS*?Li££tTo 

i-5aHR*tTofce CCOct^tdLT, £S'^*-pHILD4-hWL pHILSl-3AhMK, 
pPIC9K-4AhMK, & 5 ^ ttpPIC9DP-hMK tifgft £ *i MK^>^^ &8i#; 
pHILD4-hMK/GS115 . pH ILS1 -3AhMK/GSl 15 , P PIC9K-4AhMK/GS115 , S IM± 
P PIC9DP-hMK/SMD1168^f#feo 
[^IJSW 3 ] MK?w^ H«at*<0&«g £ fz fct y ^ ntgit 

□ S*Lfe 0 ll^a^^is^^ritK^-tt^ 1%*^ ^ — ;U^:^-A.7t=ifr L l^±§*fe 

BRtw. P H£5 3;fef£3t:3S^Lfeo SSSSiWi 3 BP^tf ^fc 0 
(1) ^S^+^lzJ; S&fiiMOit^ 
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«SttpHILD4-hMK/GS115. pHILSl-3AhMK/GS115, & £ ^i±pPIC9K-4AhMK/GS115 
©aUK© 5ig*±i*^MK ^ w^ttfcSllSB^fco pHILSl- 

3AhMK/GS115(7)i : gf^ MK^>A^lcoMS:W^t^^ £^t>0)T-t> 
O.lag/Lg&T-ifcofco «a«pHILD4-hMK/GS115C0ii^, 58&«0)3H^ C07:& 2 
-3mg/LcD^»^3S«)e,n*:o cnCWlt, ^ffittpPIC9K-4AhMK/GS115(7)^^ 

^J^fefflv^ ^ M K * W ^ H > ^ ^H^'J * ffl ^ fctB^tf) 3-5 fgfi 

^•«y MK7? * " - 

P HILD4-hMK M K MK 2-3 mg/L 

P HILSl-3AhMK PHOl MK 0. lmg/L 

P PIC9K-4AhMK ali? MK 1 Omg/L (?g±ttGS115) 

(2) ^JHKOpHi-ict^lgJa^^ill^coiA-C 
*at*pPIC9K-4AhMK/GS115Sffl^T. JgJSKf^pHS 3 i5 cfc V 5 (CaSSI 
Sffofco *#R±^&SDS-# U i; ;ur K^';uS*V*f(J (SDS-PAGE) T^t/f 

0§ 0 cintt, pH3T?fci\ pHS^O^MK^^^^HO^Wtf^tt^^i:*^ 1 ® 

( 3 ) ? _-T : CO f 1 ■ jg t c J; 5 % gi ^ CO it ^ ^ I > X 
«S«fepP IC9K-4AhMK/GSl 15. * ct VpP IC9DP-hMK/SMD1168iz ^i«MK^>^^ 
(B&Si&SS-fco 3nRa«a«cotg*±TB©SDS-PAGETH;, P PIC9K-4AhMK/GS115 
(Dm&lzte, Pfl^CrMK* W^#2 $t:fl,t^^ P PIC9DP-hMK/SMD11680)iS 
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h I fzm&lz It, M K * > 1 n 7 Hco ^mi?nz- ^nTl>§:>5:^lTt^o 
L^SS^J4] MKftglft^^-p— x >7ig§{ 
*i!f*pHILD4-hM/GSm - 7i£it&„ 

J.J.Clare (BIO/TECHNOLOGY, Vol.9, 455-460,1991) ..r>£v£ii L ti fro Tfir o 
fee fc£U J»*B$OpH*4 £U *SB#^m*SS420 c Ci: L fee 
Otefl±^*<7)MK* : ^ *"M&ELISAi£ (1*Ba¥lO-lG0735f,d*tCD/j ;i) TrM^ 
lf:o pHILD4-hMK/GSl 15 enn^, M K 7 ^ ^3gfifr3O-50nig/L^fe ^>(D\Z n 
17, pPIC9K-4AhMK/GS115O^i^(irj200mg/L-eS) 0 , c^^ic. tSffiiiEDTA^DX 
^^Jia^240mg/L<h:^/]nLAz dx]6) 0 -7?, 13 l: ^ ^'Ltioi-T, MK 
^ ; /'^ojEHS, Hitrap-Heparin ( 7 '1/ v :>7^iM, lmL ) *^A*fflh;fc 
FPLC#tfr(0-2M NaCLSOmM pH7.5 Tris-HCl£I»*4u dStx£ 1 mL/min) 280iun 

7 y ) -£fcfc s pHILD4-hMK/GS115OS^r^50mg/L^«> SC7)iZ>t LTx 

pP]C9K-4AhMK/GS115cDiB^.^580mg/L £ >S U ^ ^ lc EDTA £ Jjn x. tfi £r Ji fa 
640mg/L (MK^>.'^151iDg/mL=1.8A 2 8 0 ) S^lfe ( M 7 )* ^ 7r- 

hot, MK^> '^[F^^H**:/ ^ + ruBE5iJ4fflh^J:q^r t t 0 MK^>^ 
^0#JH«#5^8fg*1Jg«/lUL*:o £fe, i&*x?g*<0SDS-PAGE:fccfc0^3i;* 

[^iSf«5] MKMK^;^^l0ffi (^1) 
pPIC9K-4AhMK/ GS115© 7 r - * : 7t£&±iitfr hs SP^^ro-XiW 

> f g*±if lOml^mO, M * & fln ;t T L £ = pH*"^ 5 izM 

%k L > 6 OmMS^ II Si Ml pH 5 . 2 T ^ ft? f t L ■ fa 1 m 1 <D 7 :? H ' v ■ ■ ^ ft CD 7 h " - A ^ 
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2M NaC14^^f£$iiJ*-eMK^>^^^;??[CL^o f§£B*3450niH Tris-HCl 

(pH7.5) (Dmffimz-MLrmffiLtzo &ftto*±fzmmz&mLfct&ffim'z ?-« 

L-> 0.5MNaCl£^£±Ki*f®^^ 2M NaCl*^ A,*£._haB«S» 

PerSeptive Biosys terns CO VOYAGER ELITES & & c v h u y # x <h LTHUSinapinic 
acid (lOmg/ml 7t h~ h " ;i//*/TFA=33/67/0. 1) fcffl^fco :r.H- £30 

tC^r^ Y bffiffl U;o + t'J^l/-> 3> &.lMquitin(+l):8565.89(average) 
kMyoglobin( + l):16952.56(average)S:li*^ >^ LTff ofeo 

CzTyr-Val-Glu-Phetf^JdnLfc-fe^) eOf&Cz . S > ^ <Z> N Jfciffifr 6 . Tyr- 
Val-Glu-Phe-Lys<7) 57; y & CD. Tyr-Val-Glu-Phe-Lys-Lys-Lystf) 

77; y iS* s B*3!P^^fc*^^Ty^-Val-Glu-Phe-Lys-Lys-Lys-Asp-Lys-Val-Lys-Lys 
(DlZTl ,'Wffiiy>ntzb(Dffmm$titz (18)o St. SSMK^>/O0N* 
M##r<3&53i, Tyr\ Lys, AsptftfttUStU Cti e> tt -T^SgSM&M K 9 > 

<£>£)r; ^*Ktf)^; VlSSi:— SfcrSc rLt, i^S^L/:MK©flfl?)^^y 
^;i/{±t&&£tt&^o c:ix^o*gSfr6, SSMK^ >^'^Rttx *££>*£i&& 
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t ^m^-^mmVf^ w &*i cowan * j #^tz >p ^ici: ipnji e a>-e s s = 

"^S60|J 2 Y# ?> nfe ^S1*pPI C9DP-hMK/SMDl 1 685: 7 r - A > * L fe 0 

( w sios^o 4 ic sa«o * is t l- fe i> o fe :r u -fe »j > (c x § rnmrnm * 

S^H^iofeo ?63lB$c7)fflJ^(±20 c C, pH& 3 L fee ISSl&l&^fci; 9 B P^ff 

^feo FPLCti ioTMK * > ^ *£i«Jlfi£Si]5iI ItSS, ig* 8 □ □ leg* 
360mg/LT&-fe (139 )o 7 H U^Si±^10ml*» 6 M K ^ >^ ^SS, 3?JE#iJ 

fe L - Sfes S'JC Hitrap-Heparin ( 7 ^ ;uv ^ TttSKi, ImL) ^A£fflofeFPLC 
[50mMTris-HCl (pH7.5) *£Sh#^ 0-2M NaC 1481*^82^ J; £ (Cct&Mii 
& -ff o fe o 

Fffl^p/f) [:o^T N JIteSDS-PAGE, #j1k;SDS-PAGE, iJctVNative-PAGESfr^ 
Tib&LfeA*. #7-«fe^<Z>&t *iilS^£n&^ofe 0 &*>Native-PAGEBu Davis 
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SI 



1 Lys 114 

2 Lys 119 

3 Lys 132 

4 Asp 109 

5 Lys 125 

6 Val 137 

7 Lys 123 

8 Lys 121 

9 Cly 94 
10 Cly 94 



50/xL©jgJfi!8£SS;bnU i5^£mi^ 110 0 CT*22BSP^JD7k^«SiSS?Tofco IS 
L8500 ^ffl^fe7^gMS(:<tOMK©7^y8«fi!cSMLfeo 

JSIifti (MK) ^r;^IM»tlrlS$ 

Anoo «cid txoictca bNKStd) rbHt 

K7f Kll) (pMCSDPhtU/SHDIUB) 



As* 


1 


7.61 


7. TO 


TJir 


10 


5. 5J 


#.5» 


Ser 


3 


2. 81 


1.78 


CI* 


11 


H. 22 


11.37 


Cl> 


16 


IS. 00 


16.00 


Ala 


10 


b se 


10.03 


Vil 


s 


4. »8 


4. 69 


Cys 


10 


s. d. 


o. d. 


Net 


0 


0 00 


0. 00 


i le 


z 


1.8S 


1.93 


Leu 


1 


0.98 


1.01 


Trr 


2 


1. 93 


!. 73 


Pbe 


3 


2.93 


2. 97 


l*s 


13 


22. SI 


22.62 


His 


0 


0. 00 


0. 00 


Art 


1 


6 13 


S. SO 


Trp 


i 


t. <t. 


a d. 


Pro 


6 


6. 11 


5 89 
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n< L X l ^5 o 

HS#W0>ilgSfcJu ^fl^5>^ft i:(5(Sfn] i; 13241. 2(H<7Hiu ilJfUS+l fct 
13241. 3)T^ 0 (Ell 0). ?&11*GS115*^SMD1168l3r£iEr5thtIitg«^f* 
S^x^t, pP I C9K-4AhMK/GS 1 1 5 £ It « L X . mty)<Dm±Z C 

tblz, MK^il§'c7)v y^n ffi^iJ^^^^iMtt: (pHILD4-hMK/GS115) £fg#U % 
^^nfeMK^^S^LTlfM^rrLfc^^^ra 1 l(^t 0 * JEM K <D L 9 - \± 
ft&SS^ (ffl'i/£fI13241.6) £\ tt5!p'-flS*'618fla^TLTl^h^X^nSMK 
CO^ — ^trWlf&^ti M IE M K <fc 0 fl a WL CO 'P =ft l ^ © ( ± gf5 % ft t c :>> fl? <* n t 

l>o Lfc#-?T, Cc0^^ftpPIC9DP-hMK/SMD1168^MK^ W^v^^ic 

«e ffl -r n ii\ ie m k 9 > '^n&x m.ft : &%m £ -e s c t a* -e & 5 0 
( i ) mmTmm^MMvmm^i 

Swissv^^teJ^fi3*cD<*{b*i«l^fflBflaNIH3T3^ Wi--5fflKa«JB(Ejtr£tt*^ 
Mbfco 96-Well«S«ri/-h(c^7^n^feO. 2000ffl(ZDNIH3T3lfflBS£«« 
10%f?^>[&;^ (FCS) S^JjULfcDulbecco's modified Eagle medium (DMEM) 
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tLtzWkmz&r) :*>^?mm&.) JStabfeDMEM/'Haii's F-12 1 : lvg^tfe 
-h US (lOmg/L human insulin, lOmg/L human transferrin, 10/zg/L selenous 
acid) (c±fi^b, ^ ?>^2E3Batg-*bfeo IftflfeicWST- l&H SSSP U 

*:* ^£>£S^ (EI 1 3)o 

^ y _ « pP j C9-hPTN" & fllSS L o b h ^ P T N * > ^ - V H S =3 - K lT S cDNA 
ii. PTN cDNA (Bd*US^ : 6) StSSfcU S»JIS#lREcoRISiKSe{fi[&^tr-fe 
yxPCR^-fv-d^lS^-: 8 h W7>ft;^PCRr7^ v-(K 
#J#-^ : 9) Sffll^TP CRJRrtiT-flSlibfco 

C'&MfifM 9 ] P T N ^ > a; - v h SSm--< ? 9-\Z i -5 b »S©f.I(a« 
HSE^J2^*UT, P PIC9-hPTN&, t:*T#SGS115£#A U PTN*>^ 



^ ^ia«ilttpPIC9-hPTN/GS115$:f#^c 
1 0 ] PTN^>'^ ft^^JS 

P PIC9-hPTN/ GS115^r, %m*\ 4 O *5ffiti* DT. 7 7-;^^S5*U *<0*S 
*J:Tg50ml&HPLC*^A (PolySULFOETYL A ; PolyLCft) "C-^ttL-fco 88 ft Hi* 
0.7 M Na 2 S0,-35 mM MPB ( U >l$«SSii*pH2.7) T1to/: 0 1 4C^to 

«^KM30^ST{i«Kftir^(£^-'"f%Rx 140-162#li, ffiftiuP TN 
£>n, 179^(Z)b e -^^^IEP TN^/^SW^n^o b-^£tf?U ^ A 
jEP TN^ >^^^^S.ai±^J250mg/LT-S>S ( P T N * : V "Hlmg/inl^l . 56A 2 



( 1 ) SPig-7, h'J- SP (7V>tA7/)LVy?a) 5x10 
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mmmu&, ph 5.5 (errant 4.9 lcd^m&tM-t 2 

r^Uto 2 M&ti- \^ ] ) ^l^- 2 OmM mmmWnik, pH5.5T-SttJl, 200 
ml cOv^miS^x^tc 

(2) fSix 7 r K - SSft t D 7 r f > m (£{L¥X|gtt) 

5 0 0ml Offlf*£^3 A(C5£JgU 0.4M JgYL^ h 'J ^ A - 1 OmM U >K 
pH 7.2(rT¥«TfbLfcc S PSKiSftiifi 2 0 0ml S*tT 3 f?f*3R 
u i OmM ^^SioiwU ^-ffiJISirft^/jnxto 8M^7XSSib^ h U 

^ATpH 7.2(CH£2f£, -7f"7l Lfzo 0.7M ilHb^ h U ^A- 1 OmM " 
>fi8tt«*«u pH7.2i:tW, 2 MJfifb^ h U ^ A - 1 0 mM U > S*S»«x 
pH 7.2Ti^fUb. 1 9 5 ml ^?S£tiH^*f#fco 

(3) Y 'U5iH*l3^-X — ^ — ^ ^ 7 5 p g (7TytA7T;i/Vy7tt) 
1.3x6 0cm *TA&2*ig#Jig|£U 0.1 5 2M igfb^ h U ^AT'¥» 

ftLfeo iSKx^rn^ail^l 9 5ml 477*7-fU fHJMTi^U 200 

mi <Dmit\mft&'&tz<. 

(4) Y ^: U ttoi^^A (polyLCtt) 
lx25cm*7iA£0.6M i£4b + h 'J ^ A - 2 OmMSKIISil p H 5. 

5Tfim ^.H o3&i£tf^5 0ml S777>f U 0.8 8Mfiftth'J^ 
A-20mM §^l§i$u pH5.5t:t»Lfeo R^;gmBlt]{- 2 M igft 
+ h 'J ^A- 2 OmM, p H 5 . 5 ClW 5 , fflSS?§mii# 2 0ml £f#fc 0 
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Jfl^ffl* thrush ay << MrhPTN)*?)^ 1 

Volume(ml) rhPTN(mg) 2 Puntv(%^ 3 Yield(%) 



Expanded bed 
Sulfateed Cellulofine 
Gel filtration 
PolvSULFOETHYL A 



200 
195 
200 
80 



950 
840 
828 
713 



63 
70 
74 
90 



96 
85 
84 
72 



1 e*r#etS3tilS 4.9L ^JiKLfcjgm-e&s. 
2HPLC(i£ O^mb^c 

3 HPLC iZ X D L fe PS^ ^ 280nmtz *5 It S K^KOfJ^T- ^ U o 
• r = y *i*»«f 

fii5P t ncdt = y ^5Scor = j mmmtm 4 tc^-r-t o i^mje p t n ^ 

7Rcor = y ^«c7)r yKiE^jec-StUfco 
^iH'fcJ (PTN) coN^iBT ^ y i£IH?U^»W$Sm 

( pao 1 ) 



am-* a * * 


r 5 / Btomm 


7^1 


1 


Gly 


95 


2 


Lys 


111 


3 


Lys 


111 


4 


Glu 


96 


5 


Lys 


112 


6 


Pro 


75 


7 


Glu 


58 


8 


Lys 


74 


9 


Lys 


86 


1 0 


Val 


67 
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%mm.ty) (ptn) (dtx j nmm^m^^ 

Amino acid Expected rhPTN 

(pPIC9-hPTN/GS115) 



Asx 


7 


6.40 


Thi 


12 


11.25 


Sci 


6 


5.37 


Glx 


20 


19.79 


Gly 


12 


11.74 


Ala 


7 


6.83 


Val 


4 


3.89 


Cys 


10 


9.67 


Met 


2 


1.85 


lie 


2 


1.89 


Leu 


7 


6.78 


Tyr 


] 


0.97 


Phc 


2 


1.95 


Lys 


28 


28.21 


Trp 


4 




His 


1 


1.08 


Arg 


5 


4.63 


Pro 


6 


5.90 



-f h d "7 >r 15305( + lh Effete r < y jfc*8<E>^'J :> >»ftfc7L 1' :t h 
D7>f>, 15247. 8(+lh ^ti^tiCDmcD^Lrzru-f 7t b ny l if^M 
Izm^^tiZ (<5iJx.H15410.9( + l) J f>l5468.3(+l))o CtllZPiLXm 1 6(C^-T« 
56iat*pPIC9-hPTN/GS115ic J: D*8?hfc7b>f * h n 7 ' >(± x BiEru 
f,thP7^ >6DII»«ai5303.8( + l >i:(5(£H 1 15302. 9(+l S hW7r£> 

5o 15510. 5(+l)Bu v h U ^ ^^^^(De^Lfc^CDSr^-ro &^T, C<£>$S5i 
^^-hPTN/GSllStePTN^fi^ 

fitS£PTN( 6 . lmgM ) £ £31:&t5/k T , 0 . 203mg/mLc7) K & a «£ o ic L , 
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JASCO J-500A*ffli^fcCD7.^f h & 'u r> tz (fiS : ^S(^24°Ck $H$u 

IS] : 200~250nm, -t^S : 1mm, fttg[g]ft : 81). SI 7 K:^-r8t:215nirfti££ 

03W.<tttS* s W<3*''C ! *So -&«ii8¥W(Y. H. Chen, etal., Biochemistry, 11, 
4120-4131(1972)), 4tfofci:C5, U <y ? X : 0 S'- h : *«HiJ«3S©9J 
£rfciu ^ft^"ial:41:58i:&ofc 0 



Bfj £ J; o r ft OK 7 r S 1 J - * > ^ * ff £ a (c * Siffi CtoTfi 
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1 . V~ v ±i D ^ -tr 7 • -tr V b: I - ( Saccharomyces cerevisiae ) dd3ft<7) a IB 

(a) t: + 7 • ^7, H.J 7 ( Pichia pastoris ) rSifcO < ^ 7 — 'Uglagf'fecDT A- 
=1 — a ^--tfiBS-T- (AOXl)rn^E-^-iB?'Js 

(b) -H--y^P ;t7, • tl/t^x ( Saccharomyces cerevisiae ) mMC0 a IS 

(d) tf*-7'- > V7 h 'J 7fi*crj y ^ y -j^^^yib =r — Art*^ -fcfjfi 

(e) :KmU\%.V : S> h P7 1 ^ -^ilS (methylotrophic yeast )X"¥iifeiT £ 

(f) ^l»ffiT-Wtil6i-Sffi»Df1«&A, 

( g ) y^p f P7 { w Miia^feit: dna -^nm&ttm&m&immzcDtz&pj 

5'A0X1 StM'AOXl 

3 . MK7r; »J-7 : a'^H^JK^ > .'^KT"&6dit*Jj? 1 t^B«£K< 

4 . MK7r;')-^>^7 f S^PTN^ > ; 7 f-^ £ m&m 1 i- BBiScD 
5. a»*JH l-4<7)^rtl^{Cad^^^^ /;/7 -^^n$^^L fzM-u FD7 
6 . -^7 ^— #3§*«I 3 timm(D^<y *-X& h n 7 ^ - :7(SStf 
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SMD1168 T*£>€k al^H 5 tCH3«^ffJHfcg|<S pPIC9DP-hMK/SMD1168o 
GS115 T-ftSx a5R®5^ia*©^HKBl*pPIC9-hPTN/GS115o 

(a) Sfi>RJg6tcga«^H<E«lfr*t#*-r5XS. 

(b) pH4 Tl@5lfStc 20°C, pH3 (D^ttTT- MK ^ W^ff CD^Si£gS3?1- £X 

(c) ^^51]^£0iKT£>Xg 
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s&smw ( H ) 

5dU EDTA 
5mtf EDTA 

pHELD4-hMK/GS 115 



\ pPIC9K-4AliMK/GS115 



WO 00/09718 



PCT/JP99/04332 



7/1 7 

121 7 



0.8 
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SEQUENCE LISTING 
<110> Meiji Milk Products Co., LTD 

<120> High level Secrete Expression system for Midkine family proteins u 
sing methyl otrophic yeast as host. 

< 130> M1-104PCT 

<140> 
<141> 



«:150> JP 1998-236621 

< 151 > 1998-08-10 

■■150> JP 1998-84583 

<151> 1999-03-26 

160> 9 



<170> Patent In Ver.2.0 
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<210> 1 
<211> 562 
<212> DNA 
<:213> Human 



<400> 1 

atgcagcacc gaggcttcct cctcctcacc 
gtcgccaaaa agaaagataa ggtgaagaag 
gcctgggggc cctgcacccc cagcagcaag 
tgcggggccc agacccagcg catccggtgc 
ggagccgact gcaagtacaa gtttgagaac 
aaagtccgcc aaggcaccct gaagaaggcg 
cgcgtcacca agccctgcac ccccaagacc 
ggaaaggact agacgccaag cctggatgcc 
cccacgccct ccctctccca ggcccgagat 
tagctttaat caatcatgcc cc 



ctcctcgccc tgctggcgct cacctccgcg 60 

ggcggcccgg ggagcgagtg cgctgagtgg 120 

gattgcggcg tgggtttccg cgagggcacc 180 

agggtgccct gcaactggaa gaaggagttt 240 

tggggtgcgt gtgatggggg cacaggcacc 300 

cgctacaatg ctcagtgcca ggagaccatc 360 

aaagcaaagg ccaaagccaa gaaagggaag 420 

aaggagcccc tggtgtcaca tggggcctgg 480 

gtgacccacc agtgccttct gtctgctcgt 540 

562 



<210> 2 
<211> 143 
<212> PRT 
<213> Human 



<400> 2 

Met Gin His Arg Gly Phe Leu Leu Leu Thr Leu Leu Ala Leu Leu Ala 

15 10 15 

Leu Thr Ser Ala Val Ala Lys Lys Lys Asp Lys Val Lys Lys Gly Gly 

20 25 30 

Pro Gly Ser Glu Cys Ala Glu Trp Ala Trp Gly Pro Cys Thr Pro Ser 
35 40 45 
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Ser Lys Asp Cys Gly Val Gly Phe Arg Glu Gly Thr Cys Gly Ala Gin 

50 55 60 

Thr Gin Arg He Arg Cys Arg Val Pro Cys Asn Trp Lys Lys Glu Phe 
65 70 75 80 

Gly Ala Asp Cys Lys Tyr Lys Phe Glu Asn Trp Gly Ala Cys Asp Gly 

85 90 95 

Gly Thr Gly Thr Lys Val Arg Gin Gly Thr Leu Lys Lys Ala Arg Tyr 

100 105 110 

Asn Ala Gin Cys Gin Glu Thr He Arg Val Thr Lys Pro Cys Thr Pro 

115 120 125 

Lys Thr Lys Ala Lys Ala Lys Ala Lys Lys Gly Lys Gly Lys Asp 
130 135 140 

<210> 3 
<211> 48 
<212> DNA 
<213> Human 

<400> 3 

gcgcccgaat tcaaaaagaa agataaggtg aagaagggcg gcccgggg 48 

<210> 4 
<211> 46 
<212> DNA 
<213> Human 



<400> 4 
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gcgcccgaat tcttagtcct ttcccttccc 

■ 210> 5 

•-21 1> 60 

:212> DNA 

■213> Human 

< 400> 5 

£;cgcccctcg agaaaagaga ggctgaagct 

<210> 6 

<:2il> 507 

<-212> DNA 

-213> Human 

<400> 6 

atgcaggctc aacagtacca gcagcagcgt 
attttcatac tggcagctgt ggatactgct 
aaagtgaaga agtctgactg tggagaatgg 
gactgtgggc tgggcacacg ggagggcact 
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tttcttggct ttggcc 46 



aaaaagaaag ataaggtgaa gaagggcggc 60 



cgaaaatttg cagctgcctt cttggcattc 60 

gaagcaggga agaaagagaa accagaaaaa 120 

cagtggagtg tgtgtgtgcc caccagtgga 180 

cggactggag ctgagtgcaa gcaaaccatg 240 



1 
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aagacccaga gatgtaagat cccctgcaac tggaagaagc aatttggcgc ggagtgcaaa 300 
taccagttcc aggcctgggg agaatgtgac ctgaacacag ccctgaagac cagaactgga 360 
agtctgaagc gagccctgca caatgccgaa tgccagaaga ctgtcaccat ctccaagccc 420 
tgtggcaaac tgaccaagcc caaacctcaa gcagaatcta agaagaagaa aaaggaaggc 480 
aagaaacagg agaagatgct ggattaa 507 
<210> 7 
<2 1 1 > 168 
<212> PUT 
<213> Human 
<400> 7 

Met Gin Ala Gin Gin Tyr Gin Gin Gin Arg Arg Lys Phe Ala Ala Ala 
15 10 15 

Phe Leu Ala Phe lie Phe He Leu Ala Ala Val Asp Thr Ala Glu Ala 
20 25 30 

Gly Lys Lys Glu Lys Pro Glu Lys Lys Val Lys Lys Ser Asp Cys Gly 
35 40 45 
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Glu Trp Gin Trp Ser Val Cys Val Pro Thr Ser Gly Asp Cys Gly Leu 
50 55 60 

Gly Thr Arg Glu Gly Thr Arg Thr Gly Ala Glu Cys Lys Gin Thr Met 
65 70 75 80 

Lys Thr Gin Arg Cys Lys He Pro Cys Asn Trp Lys Lys Gin Phe Gly 
85 90 95 

Ala Glu Cys Lys Tyr Gin Phe Gin Ala Trp Gly Glu Cys Asp Leu Asn 
100 105 110 

Thr Ala Leu Lys Thr Arg Thr Gly Ser Leu Lys Arg Ala Leu His Asn 
115 120 125 

Ala Glu Cys Gin Lys Thr Val Thr He Ser Lys Pro Cys Gly Lys Leu 
130 135 140 

Thr Lys Pro Lys Pro Gin Ala Glu Ser Lys Lys Lys Lys Lys Glu Gly 
145 150 155 160 

Lys Lys Gin Glu Lys Met Leu Asp 
165 

<210> 8 
<2U> 48 



<212> DNA 
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<213> Human 
<400> 8 

gcgcccctcg agaaaagagg gaagaaagag aaaccagaaa aaaaagtg 48 
<210> 9 



<211> 41 



<212> DNA 



<213> Human 



<400> 9 



gcgcccgaat tcttaatcca gcatcttctc ctgtttcttg cc 42 
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